Background: Sweat testing is a noninvasive technique for monitoring drug exposure in treatment, criminal justice, and employment settings. Methods: We evaluated cocaine excretion in 9 participants' sweat after they received 3 low doses (75 mg/70 kg) of cocaine HCl subcutaneously within 1 week and, 3 weeks later, 3 high doses (150 mg/70 kg). Six additional participants completed portions of the study. PharmChek ® sweat patches (n ‫؍‬ 1390) were collected throughout a 3-week washout period, reflecting previously self-administered drugs, and during and after controlled dosing. Results: Cocaine was the primary analyte detected with 24% of patches positive at the gas chromatography-mass spectrometry limit of quantification of 2.5 ng/patch and 7% of patches at the proposed Substance Abuse and Mental Health Services Administration cutoff of 25 ng/patch. Ecgonine methyl ester (EME) was detected more often and at generally higher concentrations than benzoylecgonine. In patches containing both metabolites, there was no statistically significant difference in the benzoylecgonine/EME ratio based on length of patch wear. During washout, 2 participants' weekly patches tested positive (>25 ng/patch) during the first week; one remained positive during week 2; and none were positive during week 3. Cocaine and EME were detectable within 2 h; benzoylecgonine was not detected until 4 -8 h after low doses and slightly sooner after
cleansed skin with a Band-Aid-like adhesive. The polyurethane backing protects the patch from environmental contamination while allowing water vapor and gases to escape. Patches are generally worn for 1 week, with drugs in sweat reflecting use as much as 24 -48 h before patch application through the time of patch removal (5 ) . Advantages of sweat testing include ease of use, decreased opportunity for adulteration, and long detection windows (6 ) . There are limitations to the patch, however, including intra-and intersubject variability in sweat production, possible contamination from the environment, loss of drug as a result of degradation on the collection device or reabsorption through the skin, and occasional skin sensitivity (6 -9 ) .
In this comprehensive study, we evaluated multiple aspects of COC and its metabolite excretion in sweat from prior illicit use and after controlled drug administration. The concentrations of COC and 10 metabolites in 3 weekly sweat patches applied before drug administration monitored COC excretion during washout from previously self-administered drug. After COC administration, the complete time-course of COC excretion in sweat was examined with short-term sweat patches worn for up to 48 h after low and high COC doses and with weekly sweat patches. The relationship between administered dose and drug concentrations in sweat was examined at both COC doses. In addition, duplicate patches were applied to determine the reproducibility of sweat patch results, and the stability of COC and its metabolites during patch wear was evaluated by comparing the sum of short-term patch COC concentrations with those of weekly patches.
Materials and Methods study population
Participants (n ϭ 15), who provided informed consent for this National Institute on Drug Abuse (NIDA) Intramural Research Program Institutional Review Board-approved study, resided on the closed research unit for 12 weeks and were compensated for their participation. Participants had a history of COC use and tested positive for COC metabolites in their urine before study recruitment.
drug administration
There was a 3-week washout period to study excretion of previously self-administered drug. In the fourth week, participants received 3 subcutaneous injections of COC hydrochloride (75 mg/70 kg; Mallinkrodt) in saline approximately every 48 h. Three weeks later, 3 high doses (150 mg/70 kg) were given according to the timeline illustrated in Fig. 1 . According to the March 2002 report by the Drug Enforcement Administration on COC abuse, it is "reasonable" to assume that 100 mg is the average dosage unit for crack or powder COC (10 ) .
sweat collection
Sweat was collected with PharmChek sweat patches provided by PharmChem, Inc. (Haltom City, TX). After thorough cleansing of the skin with isopropyl alcohol (700 (A), dosing schedule, from participant admission to discharge, of 3 subcutaneous low (75 mg/70 kg), placebo, and high (150 mg/70 kg) doses of COC. Shown is the sweat patch application (F) and removal (ࡗ) schedule for 3 weekly washout patches (solid lines), weekly patches worn during drug administration (dotted lines), and weekly patches worn the week after administration (dashed lines). (B, application (F) and removal (ࡗ) schedule of patches worn for 1, 2, or 4 h (short-term patches; solid lines), and 15-h patches (dotted lines) worn for 48 h after each low, placebo, or high dose. mL/L), patches were applied to the back or abdomen and removed according to the schedule in Fig. 1 were used for analyses. The injection port and transfer line temperatures were 250 and 295°C, respectively. Oven temperature was held at 70°C for 1 min, ramped to 175°C at 30°C/min, to 250°C at 23°C/min, and finally to 310°C at 18°C /min and held for 5 min. The electron multiplier was set with a 400 EMV offset. Quantification was performed with the mass-selective detector in selected-ion monitoring mode with a dwell time of 10 ms for each compound. The ions monitored are listed in Table 1 .
calibrators and controls
Working solutions of COC and its metabolites were prepared at 0.25 and 5.0 mg/L. Aliquots of the appropriate working solutions were added to clean cellulose pads to provide calibrators at concentrations of 2. 
specimen analysis
Sweat patch specimens were analyzed for COC, BE, EME, ecgonine ethyl ester, cocaethylene, norcocaine, norcocaethylene, benzoylecgonine, m-and p-hydroxycocaine, and m-and p-hydroxybenzoylecgonine by modifying the method published by Huestis et al. (11 ) . One hundred microliters of a deuterated internal standard solution containing 1 mg/L d 3 -COC, d 3 -BE, d 3 -EME, and d 3 -cocaethylene was added to previously prepared calibrator and quality-control samples and clinical specimens. Cellulose pads were placed in 12-mL filtration columns fitted with stopcocks, and 4-mL aliquots of 0.5 mol/L sodium acetate buffer (pH 4.0) were added to immerse the cellulose pads in solution for 30 min at room temperature. Buffer extracts were eluted into round-bottomed tubes. This step was repeated twice more with 2 mL of buffer. Solid-phase extraction columns were conditioned sequentially with 1 mL of elution solvent (methylene chloride-2-propanol-ammonium hydroxide; 80:20:2 by volume), 3 mL of methanol, 3 mL of water, and 2 mL of buffer. Buffer eluates were decanted onto preconditioned columns, which were then washed with 2 mL of water, 1.5 mL of 0.2 mol/L hydrochloric acid, and twice with 1 mL of methanol. Columns were dried under reduced pressure for 10 min and eluted into centrifuge tubes with five 1-mL volumes of elution solvent. MTBSTFA (20 L containing 1% TBDMCS) was added, and the eluate was evaporated 
data analysis
Two calibration curves, 2.5-50 ng/patch and 50 -100 ng/patch, were used to quantify quality-control samples and participant specimens. The method limit of quantification (LOQ) was 2.5 ng/patch for COC, BE, EME, ecgonine ethyl ester, and cocaethylene and 5.0 ng/patch for all other analytes. Concentration ranges and mean values were calculated with only the positive patches in the group, whereas all values were used in the calculation of the median. Statistical analyses were performed with SPSS (Ver. 10.0) for Macintosh, release 10.0.7a (SPSS, Inc.). For comparison between groups, the Student t-test for independent samples was used. Simple correlations were performed with Spearman correlation coefficients. A 2-tailed P value Ͻ0.05 was considered statistically significant.
Results

participant data
Eight males and 7 females [mean (SD) age, 35.3 (4.4) years; range, 26 -43 years] participated in the study. Nine participants (6 males, 3 females) completed the entire study, receiving 3 low and 3 high doses. An additional 2 men and 3 women received all of the low doses, with 1 male participant also receiving a single high dose. One female participant received only 2 low doses. Participants who did not complete the study did so for a variety of reasons, including medical decisions not to administer high doses, behavioral compliance issues, and participant withdrawal of consent.
sweat patch results
Of 1390 sweat patches collected before, during, and after subcutaneous COC administration, 342 contained one or more COC analytes (Table 2) . Overall, 24% of analyzed patches were positive for COC at the method LOQ of 2.5 ng/patch, and 7% were positive at the proposed SAM-HSA cutoff of 25 ng/patch. BE concentrations were not available for 32 patches because of experimental error. Of the remaining patches (n ϭ 1358), 5% were positive for BE at the LOQ with 0.5% positive patches at the proposed SAMHSA cutoff. EME was detected in more patches than BE for a total of 9% positive patches at the LOQ and 0.8% of patches with concentrations Ն25 ng/patch. In the positive patches, COC was the predominate analyte with 97% of patches testing positive at the LOQ and 29% positive at the proposed SAMHSA cutoff. Approximately two thirds of these patches contained only COC, 17% contained COC and EME, 17% contained all 3 analytes, and 4% contained COC and BE. Several minor metabolites were detected in patches from 2 individuals after the high doses. Participant K had 2 patches positive for ecgonine ethyl ester; 1 of these patches also contained m-and p-hydroxycocaine. One additional patch from participant M was positive for p-hydroxycocaine.
Duplicate results for the weekly washout patches for 12 participants are summarized in Table 3 . The concentrations of COC and its metabolite reflected excretion of previously self-administered drug and were evaluated at 2 cutoffs: the LOQ of the method (2.5 ng/patch) and the proposed SAMHSA cutoff for COC or BE (25 ng/patch). Generally COC, BE, and EME concentrations decreased in consecutive weekly patches. However, patches from 2 participants were positive for COC in week 3, after the patches from week 2 had tested negative. One participant had higher BE and EME concentrations in a week 2 patch than in the week 1 patches, and an additional participant had an EME-positive week 2 patch when both week 1 patches were negative. At the SAMHSA cutoff, 2 participants had COC-positive patches during week 1, one of whom also had BE and EME concentrations Ͼ25 ng/ patch. This individual was the only individual to remain positive for all 3 analytes at the proposed SAMHSA cutoff during washout week 2. There were no SAMHSA-positive patches during washout week 3. Overall, COC was detected at the method LOQ during all short-term patch time periods (0 -1, 1-2, 2-4, 4 -8, and 23-24 h) in the first 24 h after low dose administration and in patches worn at least 2 h the day after administration. Short-term patches were rarely positive for COC at the proposed SAMHSA cutoff (8 of 92 patches; 8.7%) during the first 24 h with no patches COC positive during the second 24 h. BE was detected at the LOQ in patches applied and removed 2-4 h (3.6%), 4 -8 h (10.3%), and 23-24 h (3.3%) after dosing but was never detected at concentrations greater than the proposed SAMHSA cutoff after a low dose. EME was detected sooner, more often, and at generally higher concentrations than BE. EME detection rates in 1-2, 2-4, 4 -8, and 23-24 h patches were 5.6%, 10.7%, 10.3%, and 3.3%, respectively.
More than 50% of short-term patches had concentrations greater than the method LOQ during the first 24 h after high dose administration. The day after drug exposure, 15% of short-term patches were positive for COC at the method LOQ. Each short-term time period in the first 24 h had at least one SAMHSA positive patch; no patches had COC concentrations Ͼ25 ng/patch the day after high dose administration. The maximum COC concentration was 375.4 ng/patch detected 2-4 h after the first high dose. The 2-4 h time period also had the highest percentage of SAMHSA-positive patches (55%). BE was present above the LOQ in 9%-15% of patches worn for 1 to 4 h, with none positive for BE at the proposed SAMHSA cutoff. EME was detected during the same time periods and more frequently than BE at the method LOQ (11%-45% positive). A single patch, worn 2-4 h after the first high dose, had an EME concentration Ͼ25 ng/patch.
More than 75% of patches worn for 15 h during the first day of low dose administration were positive for COC at the LOQ, with 22% having concentrations Ն25 ng/patch (range, 3.8 -84.7 ng/patch.) The percentage of positive patches decreased to 31% during the second day (32-47 h after dose); no patches were positive for COC at the proposed SAMHSA cutoff more than 24 h after dosing. Consistent with other time points, EME was detected more often and at similar or higher concentrations than BE during both the first and second 24-h periods. After low doses, EME detection rates were 27% and 3% during the first and second 24 h, respectively, with 19% and 3% positive for BE at the LOQ. BE concentrations in the 8 -23 h patches ranged from 2.6 to 12.8 ng/patch with a mean (SD) concentration of 6.0 (3.5) ng/patch; the mean (SD) EME concentration was 5.8 (2.6) ng/patch (range, 2.5-9.6 ng/patch). Two 15-h patches (3%) from 2 different participants were positive for EME and BE 32-47 h after dose administration. No 15-h patches were positive for BE or EME at the 25 ng/patch cutoff after low doses.
After the high dose of 150 mg/70 kg, more than 90% of 15-h patches in the first 24 h were positive for COC at the method LOQ [range, 3.5-149.0 ng/patch; mean (SD), 33.6 (51.5) ng/patch]. The rate of BE-and EME-positive samples also increased to 39% and 46%, respectively. The mean BE concentration was 7.9 (3.3) ng/patch with EME concentrations almost twice as high at 11.1 (13.5) ng/ patch. More than one third of 15-h patches collected on the day of dosing were positive for COC at the proposed SAMHSA cutoff, whereas only a single patch was positive for EME at a concentration Ͼ25 ng/patch. The number of positive samples also increased during the 32-47 h time period after dosing for all 3 analytes when the high dose was administered. COC was detected above the LOQ in almost 50% of patches with a mean concentration of 15.3 (19.5) ng/patch. BE and EME were detected in 14% of these patches with concentration ranges of 2.7-13.9 and 2.9 -6.6 ng/patch, respectively. COC was the only analyte detected above 25 ng/patch in 15-h patches worn the day after dose administration; ϳ10% were positive.
The time courses of COC, BE, and EME excretion in sweat after low and high doses are shown in panels A and B, respectively, of Fig. 2 . To account for the length of patch wear, the mean analyte concentration of each patch was divided by the time the patch was worn. COC was detected within the first hour after dosing and was detectable during all time periods in the first 24 h. During the second 24-h period, COC generally was detected only in patches worn for 15 h. EME usually was detected at higher concentrations than BE. In most cases, analytes were detected earlier and at higher concentrations after high doses. All weekly patches (n ϭ 18) worn during dosing were positive for COC above the LOQ [range, 5.1-191.3 ng/ patch; mean (SD), 63.1 (53.4) ng/patch; median, 45.4 ng/ patch]), and 72% were positive at the proposed SAMHSA cutoff during low dose administrations. Less than one half of these patches were positive for BE at the LOQ, with only a single positive patch at the higher cutoff. A higher percentage of patches (67%) were positive for EME at the LOQ, with a single patch exceeding 25 ng/patch.
All of the weekly patches worn during high dose administrations (n ϭ 10) were positive for COC at the LOQ, with concentrations ranging from 8.2 to 128.4 ng/ patch. A single participant did not have a COC-positive patch at the proposed SAMHSA cutoff. BE was detected at the LOQ in 70% of these patches (range, 3.7-47.0 ng/patch); however, only a single weekly patch was positive at the proposed SAMHSA cutoff. Eighty percent of weekly patches were positive for EME with concentrations ranging from 6.1 to 35.9 ng/patch; 4 had EME concentrations Ͼ25 ng/patch. We examined the relationship between dose administered and concentrations of COC metabolites in sweat, using 15-h patches collected during the first 24 h after dose administration and weekly patches. The mean COC concentration in 15-h patches after low doses was 16.2 (20.0) ng/patch and increased to 31.6 (1.1) ng/patch after high doses; the mean BE concentrations were 1.8 (3.4) ng/patch after low doses and 3.1 (4.4) ng/patch after high doses. Similarly, the mean EME concentration increased from 2.1 (3.4) ng/patch to 5.2 (10.8) ng/patch after the low and high doses, respectively. There were no significant differences in any of these means (␣ ϭ 0.05), and comparison of individual participants' concentrations indicated that 64%, 36%, and 44% had higher 15-h sweat patch COC, BE, and EME concentrations, respectively, after high dosing compared with patches collected during low dose administrations.
Mean differences between weekly high-and low-dose COC, BE, and EME concentrations are depicted in Fig. 3 . If a participant had duplicate weekly patches, concentrations were averaged for comparison purposes. Comparison of concentrations of all 3 analytes during low and high doses could be performed for 5 participants: 2 participants' weekly patches demonstrated an increase in analyte concentrations during the high dosing week compared with those collected during low dose administrations. Three participants had a decrease in weekly patch concentrations of COC and EME, 2 of whom also had a decrease in BE concentrations. One participant had negative weekly patches for BE after low and high doses.
We compared the sum of analyte concentrations in short-term patches worn during dosing with cumulative analyte concentrations in weekly patches. There were 9 complete sets of short-term patches with at least 1 weekly patch for comparison. Listed in Table 4 are the weekly COC, BE and EME concentrations; the mean concentrations of duplicate patches; and the sum of concentrations in short-term patches worn throughout the dosing week. The sum of COC concentrations in short-term patches was higher than mean weekly patch concentrations in all but one case. More variable results were found for BE and EME concentrations. The correlation between the sum of short-term and the weekly COC concentrations was significant; however, there were no such correlations for BE and EME.
In addition to the weekly patch worn during the dosing week, 9 participants had patches applied, in duplicate, a few days after the last low dose. Eleven of 18 patches (61%) were positive for COC at the LOQ, with concentrations ranging from 3.6 to 30.7 ng/patch. BE was detected above the LOQ in only a single patch, whereas 3 patches were positive for EME. A single patch was positive at the proposed SAMHSA cutoff with COC and BE concentrations of 30.7 and 26.3 ng/patch, respectively. Four participants wore duplicate patches for the week after the last high dose; one half of these patches had measurable COC, but no patches were positive for BE or EME. No patches were positive for COC or either metabolite at the proposed SAMHSA cutoff.
Duplicate weekly patches, applied and removed at the same time, were compared to determine the reproducibility of excretion of COC and its metabolite in sweat. There were 6 possible outcomes for duplicate patches: (a) both patches negative at the method LOQ; (b) one patch negative and one patch positive at the method LOQ; (c) both patches positive at the LOQ; (d) one patch negative at the method LOQ and one patch positive at the proposed SAMHSA cutoff; (e) one patch positive at the LOQ and one patch positive at the proposed SAMHSA cutoff; and (f) both patches positive at the proposed SAMHSA cutoff. The total number of duplicate patch sets (n ϭ 68 for COC and EME and 65 for BE) and the number of sets for each possible outcome are shown in Table 5 . When both patches were positive for COC at either the LOQ or SAMHSA cutoff (n ϭ 24; 35%), the difference between the 2 values was calculated. This difference ranged from 0.2 to 82.4 ng/patch with a mean difference of 12.4 (19.9) ng/ patch. In addition, we calculated the percentage differences between mean concentrations and those of individual patches. Fifteen (63%) were within Ϯ20% of the mean. BE was detected above the method LOQ in duplicate patches in 7 cases (10%). Differences between the patches ranged from 0.8 to 127.5 ng/patch [mean (SD), 26.9 (46.2) ng/patch]. Less than one half of the sets (4 of 9) were within 20% of the mean value for the pair. EME was positive in 13 sets (19%) of duplicate patches. The mean difference between paired patches was 7.4 (8.3) ng/patch 
Discussion
This comprehensive controlled COC administration study addressed the disposition of COC and its metabolites in human sweat. The study was conducted on a closed research unit and included a 3-week washout period to ensure that COC detected during and after controlled drug administration was not a result of self-administered drug. Sweat patches (n ϭ 1390) were analyzed for COC and 10 metabolites. In the 342 positive patches (concentration Ն2.5 ng/patch), COC was the primary (97.0%) and frequently the only (59.0%) analyte detected in sweat. Although BE and EME were prevalent in positive patches-21.3% and 36.5% respectively-they were detected in only 2 and 8 patches, respectively, in the absence of COC. Only 3 minor metabolites (ecgonine ethyl ester and mand p-hydroxycocaine) were detected in Ͻ1% of patches. Huestis et al. (11 ) reported detecting m-and p-hydroxycocaine along with norcocaine, m-and p-hydroxybenzoylecgonine, and benzoylnorecgonine in sweat of 3 of 4 individuals after 3 low (75 mg/70 kg) and 3 high (150 mg/70 kg) subcutaneous COC administrations. Results of these studies indicated that no additional information would be gained by the inclusion of minor COC metabolites in the routine analysis of COC in sweat.
The relative frequencies of EME and BE in our sweat patches were similar to those reported by Cone et al. (12 ) after administration of 1, 2.5, 5, 10, and 25 mg of intravenous, 32 mg of intranasal, and 42 mg of smoked COC to 4 participants (12 ). In contrast, 3 published field studies (13) (14) (15) reported that BE is detectable more often and at higher concentrations than EME. Liberty et al. (15 ) analyzed sweat patches from 22 active drug users at a cutoff of 5 ng/patch and reported BE to be more prevalent than EME in patches worn from 0.5 h to 2 weeks. Similarly, Preston et al. (13 ) found that BE (cutoff, 5 ng/patch) was present in more patches and at higher concentrations than EME in weekly patches collected during a study evaluating the effectiveness of sweat testing for monitoring COC use in 44 methadone-maintained patients. Finally, Moody et al. (14 ) reported more patches positive for BE than EME (cutoff, 4 ng/patch) and at slightly higher concentrations in patches worn for 2-7 days. Those participants were enrolled in a clinical trial testing the effectiveness of methylphenidate treatment of COC users diagnosed with attention deficiency disorder. In our study, 17% of patches contained all 3 analytes, while Moody et al. (14 ) and Preston et al. (13 ) reported that the majority of patches worn for 1 to 7 days-68.1% and 72.5%, respectivelycontained all 3 analytes. More than 20% of patches contained only COC, compared with nearly 60% in our study. When the 4 and 5 ng/patch cutoffs were applied to weekly patches in our study, the percentage of positive patches that contained all 3 analytes increased to 25.7% and 28.3%, respectively, and COC was detected alone in less than one half.
In our study, patches containing both BE and EME had mean BE concentrations of 14.2 (23.4) ng/patch and mean (14 ) evaluated the ratio of BE to EME based on duration of patch wear and found that mean BE/EME ratios increased from 0.76 in patches worn for 1 day (n ϭ 36) to 1.15 in patches worn for 7 days (n ϭ 96). However, no statistical analyses were provided to determine whether these were significantly different. Application of a 4 ng/patch cutoff to our data yielded no change in the mean or median BE/EME ratios or the percentage of patches that had greater concentrations of EME than BE. Overall, our data indicate that although EME is detected at higher concentrations than BE when both analytes are present, the difference is not statistically significant and the length of time the patch is worn does not influence the ratio of analytes. This study was the first to evaluate excretion of COC and its metabolites from drug exposure before patch application. Participants had no access to COC while residing on the closed research unit. During the first week of washout, 9 of 12 participants had measurable COC concentrations; 5 had a positive patch during washout week 2, and 4 had a positive patch during week 3. The possibility of residual COC excretion from a previous COC administration should be taken into consideration when interpreting sweat results. During the first few weeks of abstinence, sweat may be positive for COC even if the individual is no longer using the drug. Preston et al.
(13 ) used a 10 g/L ELISA cutoff to analyze sweat patches applied on a Tuesday and removed the following Tuesday. Urine samples collected on Wednesday, Friday, and Monday were analyzed by an ELISA with a cutoff of 300 g/L. More than 21% of patches were positive for COC when the corresponding urine specimens were negative. Although this could reflect COC use before patch application, or after the Monday urine sample but before patch removal on Tuesday, it also suggests that sweat testing may be more sensitive than urine testing at these cutoff concentrations.
COC was first detectable in sweat within 1 h of drug administration, in agreement with previous studies (11, 12, 16 ) . EME was detectable within 2 h and BE within 8 h. Burns and Baselt (16 ) compared the effectiveness of sweat and urine testing for detecting COC use up to 7 days after a single low (50 mg) or single high (126 mg) intranasal COC dose. In participants who had negative predose patches, COC first appeared 2 h after the low and 1 h after the high dose. When collecting sweat using Torso and Hand-Held Fast Patches, which use heat to stimulate sweat production, Huestis et al. (11 ) reported detectable COC within 30 min of the first COC administration. Our study design did not allow determination of peak excretion because patches were worn for various lengths of time; however, the majority of COC excretion occurred within the first 24 h after dosing. When analyzing patches applied at the time of dosing and removed 24, 48 or 72 h later, Cone et al. (12 ) reported only small increases in COC concentrations in patches worn for longer periods of time, indicating that the majority of COC was excreted within 1 day of drug administration.
We used 15-h patches collected during the first 24 h after dosing and weekly patches to evaluate the relationship between the administered COC dose and the excretion of COC and its metabolites in sweat. Although mean analyte concentrations were higher in 15-h sweat patches collected after high doses, they were not significantly different from concentrations after low doses. Statistical analysis could not be performed on the weekly patches because of the low number of participants that had weekly patches available after both low and high doses. The available data indicated that at least 50% of the participants had lower concentrations of COC, BE, and EME in weekly patches after high doses compared with low-dose patches. Cone et al. (12 ) also examined the relationship between dose and COC excretion in sweat after administration of 4 different doses of intravenous COC hydrochloride. COC was detected after all 4 doses, and concentrations increased with increasing dose, although no statistical analyses were reported. Another study reported a statistically significant increase in COC concentrations after intranasal administration of 126 mg compared with 50 mg of COC in 15 pairs of patches (16 ) . Our data do not provide sufficient evidence to establish a clear relationship between the COC dose administered and the concentrations of COC analytes detected in sweat. Winhusen et al. (7 ) evaluated the correlation between COC, BE, and EME concentrations in weekly sweat patches and cumulative drug concentrations in short-term patches worn in the same week, using sweat patches collected from 27 patients diagnosed with comorbid COC dependence and attention deficit disorder. Pearson correlation coefficients indicated a strong correlation (␣ ϭ 0.001) between weekly and cumulative short-term patch COC results. In our study, the Spearman correlation coefficient was used because normality in the data could not be assumed. We also found a significant correlation between weekly and cumulative short-term COC results. In contrast, BE and EME concentrations were not significantly correlated. Loss of COC and its metabolites from sweat patches by various means was demonstrated by Uemura et al. (8 ) , who placed 6 patches containing 100 ng of deuterated COC on the bodies of 8 individuals. Patches were removed after 1, 3, 8, 24, 48, or 72 h. COC concentrations decreased significantly (P Ͻ0.001) in patches worn for 8 h or longer. Minimal conversion to BE (Ͻ2%) was reported. In addition, a drug-free patch was placed over a COC-containing patch to measure the transfer of drug through the patch membrane. One half of drug-free Clinical Chemistry 51, No. 11, 2005 patches were positive for deuterated COC (3.5-5.9 ng/ patch) at the LOQ of 2 ng/patch, demonstrating the passage of COC through the adhesive patch membrane.
Reproducibility of results is an important aspect of the effectiveness of sweat testing to monitor COC use. Discrepant COC results (results greater than Ϯ20% of the mean) occurred in Ͼ20% of duplicate patches, but only 2 of 68 pairs (3%) had one negative and one positive at the SAMHSA cutoff. Preston et al. (13 ) reported a 6-fold or greater difference in COC concentrations in 4% of duplicate pairs (n ϭ 287). Cone et al. (12 ) also reported a relatively low intrasubject variability in duplicate pairs of patches from participants after acute COC administration. In our study, the maximum variation between duplicate patches was ϳ3-fold. These data support the conclusion that sweat patch tests are reproducible and appropriate for qualitative monitoring of COC use.
Current proposed SAMHSA guidelines include a screening cutoff of 25 ng/patch for COC metabolites and a confirmation cutoff of 25 ng/patch for COC or BE. In this study, application of these guidelines yielded fewer than 8% confirmed positive patch results. No patches had BE or EME concentrations Ͼ25 ng/patch without concurrent positive COC results. Because the proposed guidelines suggest that the patch be worn for 7 days, weekly patch results offer the best information regarding the effectiveness of sweat testing to monitor COC use in real-life settings (1 ).
Our study design was the first to permit an investigation of the duration of detection of self-administered illicit COC. Comparison of weekly washout patch results with the proposed SAMHSA cutoff showed that 2 participants were positive during the first washout week and that 1 participant remained positive during washout week 2. By washout week 3, all sweat patches were below the proposed cutoff. These data demonstrate that residual COC excretion from previously self-administered drug may contribute to positive patch results for several weeks after monitoring begins. Eight of 10 participants had sufficient COC excretion in sweat to produce positive weekly sweat tests at a 25 ng/patch cutoff during low dosing, and 5 of 6 participants had at least one positive patch during high dose administration. Weekly sweat patches applied after the last low and high doses provided additional information on the duration of COC excretion. COC, BE, and EME were occasionally detected at the LOQ of the method for 3 weeks after drug administration; a single patch had COC and BE concentrations above the proposed SAM-HSA cutoff the week after drug administration.
